© b*b*hwt (jp) © « «p a ■ ^ ib 

© 4fc H ft & « < A) BS60-305 

©Int. CI. 4 mOSft FfrtftM* Bgfn60^(l985) 1 5 B 

G01B 11/06 7625-2F 

®« IS BB58-108460 If^fflE^lTB 3f 

©& m BS58(1983)6^16B 6* 



W g 

gh( * = 1 ~N, N^2 . 1-N - 1 O i IC*j 

j 



«» t < <* 

fcK* mi <0 1>> t> J? frC - mi ± 1 . mi ± 2. -^O 
< a 85 # If ) 



-27- 



( &*&m ) 

T ^ * 0 * ig W « . t<0^fc<0?fe A ^^ 4 ^ T 

^xmmKmmv. * * -c . * « w k x * at-A 



** 1<P * 1 * mi * m * ■ m 3 . m 4 £ ^ tL fj , m 2 = m, 
~ 1 . mj - = mi — 2 — m 2 — I , m 4 — m, — 3 = m 3 — 

I t £ £ 0 



-r ^ x e> it 4> 0 

t * ^ t% d (X v 



2( j- j m 



c <o t t ^ -f t $ frt % n ( x o ) m t m m -t & t 
tfCtio n(i 0 ) li, ft 4> It fflflr 

^ £ ii -r 0 « n»t. sg5£ttgffi«ifCi>i*-c,> 

A&f ft * T * feft £ A Of 3 *v &fttt3£&fc X o 

twx * S^tftisi^ t^^iT^tf)fctot^4 fi 

& I . * i > * 2 . <* < * X 1 < X 3 < ^ < J , £ ggj 



2 V n(i,>-Biii»fl V n (^ 3 ) a --Sto*g~ 



(31 



1 



d = 



^ 1 J~ 5 ) 



(4) 



M 99 « . ^ * 19: ^ . 9 x ^ + v y u v -C 
il^tlv J i = 56gnm, ^2 - 5 90 n m . X 3 = 

6135 nm * ^" = 63^1)1^, ®t^tn& 0 



650 nm O&^^^p^ T . - « T * b 1.6 4 TT * A » 



-28- 



ft K S£ <a . ± BE 5£ f2J . (31 > (4) K ft ^ X * 3 It & ft 
rc<OKJSEdfc£0iLX*4t. (2J * K ft i> . d 
— 4.6 4 A m v 13) K. & -3 t „ d = 4.70 /»m, (4) ^ 
K ^ t * d = 4.6 9 * m t ft ft 3 ix £ o t O X 9 

U^t4*^, iKIHHt, 3?0d<0|0. 
ffl 1C « » * X "C 0.0 6 M m <D *< y y *t jfli %> h 0 

tO'ijs'+flBBfts mx* % X- & & - 

fti»t, £ <9 ft 3fc # # T , KAW^OiRKt^ 
* H ft * t J3 £ T . R S « * &&#^SE 
C i ) 



MOTGO-305 (3) 

?siR©R«m££fc*ft«T&tfc"Cfc*«> 
< m at > 

#5£fa<o. e jg w £ # a? * fiE**26tRii:<^ 

H» A 3* ft * *J I- » i» b > n O * t * nb< 

n (OJ©-&Sr;f;L&o 

ft & m K *J U X s X. fl**£l4SEOffi**l* 
C It* ^ *a8 iS* O ft^c % J? JL -& &ft ^ iX 

jftm' fC«Lt» RSdftv SftlO»<» 



2 V n 3 — SiJ^fl 



d =- 



2 ' 



(6) 



2 V n * —sin 2 0 

& # m *t U < * X. ##i£i§=&<Offi>h1>L<t* 
# 1tfr M * <0 C * fc # X. * Sfe S J 'v &ftm'(Cfc|L 
-C * B£ IS d *i * -£ ;fx n (5J it 16) & K X X * * H 



tStot>, R /9 * «l 5£ T & 

-c* »ss w <o# ® ^s* ic x ^ 

U < H»ftaii§ ******* t 
£ * & o ffi fi£ t t* * * A, 
^it4.4o J i |c *t & * ^ 

« *; ffl 4 fc. ** £■ « 'M& * * 




ICU t^t 



jMl . J To Jl*l-M-105 

O B8 & # «> & * ^ ^ fl= ^ 

fc\ {fc «> f U t » K = m< 1 ) t « * e> ft Vn 0 m( 1 ) 
HE******* K«i-»KI»i«4M^ 



29- 



ftKft-f£Tg*&&<0 mj + l=mj-l. 

1 - N ) £ *i j£ -J- * 0 t <D i* ft £ , ft & <0 ffc 

C^JC 5 ft . fe^JEg^ttTt^Sfe^JSmJ. ft J* <t , . 
A #1 ft * . Sjlittf ^Ol^f$ n ti^t. 
mi <l t 

d » = ■ =r (7) 

2 V n a — 5?D2 ff 

di «= ( mi +|- ) ii (s> 

k^^-c. di(i-N) inmt^o js^t 

-Z> g K s ± mj. <0 t> !> K > mi ± 1 , m j ± 2 



60-305 (4) 

tOi di ( « = 1~N)K*S^£&& 

& & £ tf» £ X Jiie*O50<1fjgt<Odi<affl ; t||JxfrX 
(3ft * ) 



J i . -*i - ^3, ^4 tt> >»i = 56 8 

nm % ^-590nnu ij =6 13.5nra, 1 4 =fi39nm 

6 4 T & -o fc 0 

* — 0 v SiB 0 = 0 T h £ & h * 

mi ^ i mi i 



di =- 



(9) 



2 n a.2 8 

Z b\1 * ^i = 5G8nm v ^ = 590 nm t|>i^C,, 

590 



K =- 



■ = 2 6.8 



-*2 - 590 - 568 

X£!K ^.IC^tH^^Rm.Ht, 26.8 #C 



= 27 O 2r # T . & & ft « fcOfPfl^OXOKfe 





mi 


m 2 


m 3 


m« 


m i 


27 


26 


25 


24 


m j + 1 


28 


27 


26 


25 


ra J 1 


26 


25 


24 


23 



(91 iS. fit ft o X * diif (BLt^iiv * O ilg & tl 
& 2 SQ $ 4> <0 £, £ & 0 



-30- 



»MG0-305 (5) 





mi =2 8 


mi =2 7 


mi =2 6 






OH 






aha , ^go^^m*>ia^^^ 0 "c^ % 












d i=4.8 4 9 


d t =4.6 7 6 


di =4.5 0 2 


t * & 0 




d 2 =4.8 5 7 


d, =4.6 7 7 


d z =4.4 9 7 














d 3 =4.8fi 3 


dj =4.6 7 6 


d 3 =4.489 


<o m r h & o 


*4 


d 4 =4870 


c^=4.6 7 6 


d« =4.4 8 1 





Lt 4 d = 4,676>»nj i^Ati^tt^o HQ 
jgi&Tiiv '\?y*t*. fcf ^tC 0.00J Aintijl* 
? * * 0.06 Am-C^,^S£^£SKitLT, 1 «j 



ft ^ A 




-31- 



aa*fl59# 5 315B 

1 # # © £L 7T. 

2 & m <r> % m 

45 ft (674) H^ftija- 

4 ft S A 

ft £ ( 6787) ft Uj 

5 *e i£ v) n ft 

6 i£ © S 



r 

1 

V ^ AT"' 

r m A. 



j 

(3) IH®ICHJB 9 f5©5£ r ra (jj = m (j + l)j £ 
r © 68 & »< ft y . 



t 4 . _b s£ P, . 

m (j) 1 jira (j+ I > ljM=(roj- 



K « 



*> K = m (j) £ it £ 1* ._j 
(5) mmilJLm 3 fftp<D fmj+l=mj-lj & 



<K»n*iiX0i4fri|'0 r mj ± 1 j & r mi± , j 
(U>nSUK«HfririCD r mj±2J * rn»i± 2 j 



-32- 



Page : 1 

Japanese — > English Patent Application No. : 60-305 
Klarquist, Sparkman, LLP Ref. No. 4641-59261 

Sho60-305 

[Translators ' note: Subscripts should be considered 
tentative, given the difficulty of distinguishing between i 
and j and 1 . ] 
[Specification] 
Title of Invention: 

Film Thickness Measurement Method for Light- 
transmitting Thin Film 
What Is Claimed Is: 

A method for measuring the film thickness of a light - 
transmitting thin film by utilizing the spectral 
transmission factor or spectral reflection factor of said 
light-transmitting thin film, comprising [the steps of] : 

Shining light with a predetermined angle of incidence 

6 on a light-transmitting thin film whose thickness is 
to be measured, 

Measuring a series of wavelengths Xi ( i = 1~N, N > 2, 
and \^ < when i is 1~N - 1) where the spectral 

transmission factor or spectral reflection factor has an 
extreme value due to superimposed interference waves within 
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said light-transmitting thin film, 

Taking mutually adjacent wavelengths A,j and JLj +1 (j is 
one optional value selected from 1-N -1) from this 
series and using the positive integer closest to K 

[See equation from lower left column on page 27] 

and estimating the interference order of light of 
wavelength , 

Tentatively determining the interference order mk 

corresponding to this estimated order mj for another 
wavelength (k * j ) , 

Calculating di (i = 1~N) for the tentatively determined 
interference order mi (i = 1~N) according to 

[See first equation from lower right column on page 

27] 

or 

[see second equation from lower right column on page 

27] 

using the light -transmit ting thin film's refractive 
index n and wavelength A,£, 
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Then repeating said tentative determination of 
interference order mi and said calculation using the orders 
mj ±1, mj ±2 ... etc. instead of mj in succession, finding a 
plurality of sets for di, and determining the film 
thickness d of the light-transmitting thin film from among 
the di sets that best match di. 

[portion omitted] 

As shown in FIG. 1, a light-transmitting thin film TL 
is formed on a base substrate BS, and we shall measure the 
film thickness d of this light -transmit ting thin film TL. 

Let the base substrate BS have refractive index nb, and 
the light-transmitting thin film TL have refractive index 
n. Refractive index n is usually a function of light 
wavelength X; when specially indicating this, it shall be 
given as n(A, 0 ), etc. n(A,Q> expresses the refractive index 
for light of wavelength Xq * Furthermore, n is such that nb 

is always greater than n in the measured wavelength region. 

Now, as shown in FIG. 1, monochromatic light is shined 
on the light-transmitting thin film TL at angle of 
incidence 6, and reflectivity is measured according to the 
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intensity of reflected light. If the wavelength X of the 

incident light is continuously changed, the spectral 

reflection factor can be measured. When doing so, the 

spectral reflection factor fluctuates in an uneven manner 

according to the incident light's wavelength, as shown in 

FIG. 2, for example. This is because of superimposed 

interference within the light-transmitting thin film. 
Therefore, we measure a series of wavelengths 

^3/ ^4/ etc. that provide maximum values in this sort of 
spectral reflection factor unevenness. 

That is, superimposed interference occurs at these 
wavelengths A^, A 3 , etc., but at this stage the 

interference order of the superimposed interference is not 
known. However, wavelengths X^_ f A^, A3, A4 have the 
relationship A,^ < ^2 < A3 < A4 and the maxima these provide 
are adjacent to one another and in a series, so if m^, it^, 
m 3 , m^ are the interference orders corresponding to these 
maxima for wavelengths A-p A 2 , X3, A4 respectively, this 
gives us ^ = m^ - 1 , = m^ - 2 = ir^ -1 and = - 3 = 
1113 - 1. [sic] 
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Incidentally, if X a and X h are the wavelengths that 
give the two maxima for spectral reflection factor, m a and 
m b are the interference orders, and the refractive indices 
are n(X a ) and n(A, b ) , the thickness d of the light- 
transmitting thin film TL is provided by: 
[See equation (1) from page 28] 

Therefore, if we let m a = m 1 and m b = m 2 in equation 

(1), d is provided by: 

[See equation (2) from page 28] 



^ • * T _ "I -I -P w — -rrt _ an^ TT1-. = TTl ~> 



[See equation (3) from page 28] 
If m a - 1113 and m^ = m^, 

[See equation (4) from page 28] 

gives d. 

Let us attempt a specific example. 

Let us consider a case in which a transparent light- 
transmitting thin film is made of polypara-xylylene . FIG. 
2 is an example of the spectral reflection factor in this 
case in reality. The wavelengths X 1 ~ X 4 that provide each 
maximum value in FIG. 2 can be read as X 1 = 568 nm, X 2 = 
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590 run, X^ = 613.5 nm, and X^ = 639 nm respectively. 
[portion omitted] 

That is, light having a predetermined angle of 
incidence 0 is shined on a light-transmitting thin film 
whose film thickness is to be measured. 

For the spectral transmission factor or spectral 
reflection factor, we measure a series of wavelengths X^ 

where the aforesaid spectral transmission factor or 

spectral reflection factor produces an extreme value 

because of superimposed interference inside the thin film. 

An extreme value, of course, is a maximum value or a 
maximum [sic] value. The suffix in X^ is a value from 1~N, 

where N > 2. Also, since there is a series of extreme 
values, each maximum value or minimum value is treated as 
continuous, and X^ < X^ + ^ [illegible) for i when i = 1~N- 

1. 

From the series of wavelengths A,^ obtained in this 
manner, let us select wavelengths Xj and + 1 [illegible] , 

which correspond to mutually adjacent maxima or minima. i 
may be anything in the range 1-N-l. 
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If this is so, A,j and + 1 [illegible] correspond to 
mutually adjacent maxima or minima, so if the respective 
interference orders are m(j) and m(j+l) , there is a 
relationship m(j) = m( j+1) , and from the interference 

parameters the equation 

m(j)Xj = m(j + l)Xj +1 = (mj-l)?lj +1 

must be established. 
Therefore, if we consider that K is: 
[See equation from bottom right column on page 29] 
this K is supposed to provide m(j) , but when we 
consider the error in reading and ^j+i [illegible] , K 

does not always equal m(j). m(j) is a positive integer, 
but K is usually not an integer. Therefore for the time 
being we shall use the positive integer mj that is closest 
to K to estimate the interference order of light of 
wavelength A,j . 

Doing so, the estimated values for the interference 
orders for light with wavelength [illegible] and light 

with wavelength [illegible] are mj + 1 = mj -1 and mj 

- 1 = mj + 1, etc., so in this way we can estimate the 
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interference order mi (i = 1~N) for each wavelength (i = 

1~N) . This operation is called tentatively determining the 

interference order. 

Thus, using the tentatively determined interference 
order mi, wavelength X^ 9 angle of incidence 6, and the 

light-transmitting thin film's refractive index n, di (1~N) 
is calculated according to: 

[See equation (7) from page 30] 

[See equation (8) from page 30] 

Furthermore, n(A^) is used as the refractive index n as 
required. 

[portion omitted] 

* * * 

While all translations are carefully prepared and reviewed, 
please note that liability for incidental or consequential 
damages occasioned by omissions, additions, or differences 
of interpretation shall not exceed the translation fee. 



Shibata Language Services • 1450 NW 5th CT • Gresham OR 97030 
TEL: (503) 666-4327 • FAX: (503) 661-3141 
E-mail: shibatalanguage@compuserve.com 



